A study of risk factors for intrauterine growth retardation (IUGR) was conducted among a cohort of 13,914 pregnant women enrolled in the multicenter Vaginal Infections and Prematurity Study. From 23 through 26 weeks of gestational age, cultures of specimens from the vagina and cervix were done for group B streptococci, Neisseria gonorrhoeae, Chlamydia trachomatis, Trichomonas vaginalis, Candida albicans, Gardnerella vaginalis, Mycoplasma hominis, Ureaplasma urealyticum, and anaerobic gram-negative rods belonging to the genera Bacteroides, Porphyromonas, and Prevotella. Newborns who were small for their gestational age were delivered by 1,251 women, and infants of the appropriate weight for their gestational age were delivered by 10,332 women. When controlling for ethnicity and smoking and excluding women treated with antibiotics, the MantelHaenszel adjusted relative risk of IUGR was 1.16 for Bacteroides, Prevotella, and Porphyromonas spp. (95% confidence interval [95% CI], 1.01 to 1.33), 1.16 for M. hominis (95% CI, 1.04 to 1.29), 1.20 for U. urealyticum (95% CI, 1.05 to 1.38), and 1.22 for T. vaginalis (95% CI, 1.05 to 1.42). There was also a strong and significant trend for an increasing risk of IUGR with the number of these four microbes recovered. Among women colonized with all four isolates, the adjusted odds ratio of IUGR was 1.79 (95% CI, 1.27 to 2.52) in comparison with women not colonized with any of these microorganisms. Group B streptococci, N. gonorrhoeae, C. trachomatis, and C. albicans were not significantly associated with IUGR. These results suggest that infection is associated with some cases of IUGR and that specific microorganisms, alone or in combination, are involved. Since genital isolates are highly correlated with each other, the relative contribution of each microbe is difficult to determine.
rently accepted criterion for defining IUGR relies on a comparison of birth weight with a standard distribution stratified by gestational age (12, 32) . Babies who are small for gestational age (SGA) are thus considered to be growth retarded, although some have raised strong arguments against this equivalence of terms (2) . For the purpose of this report we considered SGA to be synonymous with IUGR.
Impaired fetal growth has been associated with genetic factors, reduced maternal blood flow, poor nutrition, smoking, and possibly, caffeine intake (10, 19, 29, 31) . The classical congenital infections with rubella virus and cytomegalovirus are also known to cause IUGR, but their rarity is such that the populationwide impact on birth weight is minimal (18) . The effects of more common genital microbes on fetal growth have not been studied extensively. Several reports have focused on the relationship between birth weight and the genital isolation of Ureaplasma urealyticum (4, 16, 21) , Chlamydia trachomatis (14, 24, 35) , Bacteroides spp. (13, 25) , and Neisseria gonorrhoeae (7, 8) . However, few attempts were made to distinguish between the association with prematurity versus that with growth retardation. Polk et al. (28) have recently reported that in a group of predominantly black, high-risk pregnant women, those infected with C. trachomatis and Candida albicans were at higher risk of giving birth to SGA babies, even after adjusting for other factors associated with fetal growth. The existing knowledge on the association between genital flora and IUGR is therefore limited. Furthermore, the interaction between different isolates has never been explored. A better understanding of the possible impact of genital infections on fetal growth could eventually lead to processing of genital specimens, and abstraction of the hospital chart, including the delivery record. Women were eligible for the study if they were older than 15 years, did not have chronic medical conditions (hypertension or kidney or heart disease requiring medication), or obstetric conditions associated with preterm delivery (erythroblastosis, multiple gestations, cervical cerclage). Women who had been taking antibiotics within 2 weeks prior to enrollment and those who used tocolytic compounds or steroids during the current pregnancy were excluded.
At the time of enrollment, genital specimens were taken and processed according to standard microbiologic methods that have been described extensively elsewhere (15) . Briefly, cervical specimens were inoculated onto cycloheximide-treated McCoy cells (34) for the identification of C. trachomatis with fluorescent monoclonal antibody and onto Thayer-Martin and chocolate agar for the isolation of N. gonorrhoeae. A vaginal swab was inoculated into Diamond's medium for the isolation of Trichomonas vaginalis (11) , which was identified by microscopically observing motile forms on wet mounts. A vaginal wash suspension obtained with sterile, prereduced saline solution was inoculated onto sheep blood agar and into a selective broth for the recovery of group B streptococci, Sabouraud agar for the recovery of C. albicans, human bilayer Tween agar for the identification of Gardnerella vaginalis and Lactobacillus spp. (37) , and Shepard's A7B agar (33) and two selective broth media for the recovery of U. urealyticum and Mycoplasma hominis. For the isolation of anaerobes, the vaginal wash suspension was inoculated onto prereduced brucella agar or a Centers for Disease Control and Prevention anaerobic blood agar plate and a laked blood kanamycin agar plate, and the plates were incubated in an anaerobic atmosphere. Identification of anaerobes to the genus level was performed by standard methods. Gram-negative rods belonging to the genera Bacteroides, Porphyromonas, and Prevotella according to the current nomenclature were not differentiated and are thus presented as a single group. Specimens were reported to be positive for anaerobes only if they were found beyond the second quadrant on the streak plate.
Bacterial vaginosis was diagnosed by previously described criteria (15, 26) . Briefly, vaginal smears were heat fixed, Gram stained, and evaluated for the following bacterial morphotypes: large gram-positive rods (lactobacilli), small gram-negative or variable rods (G. vaginalis, Bacteroides spp.), or curved rods (Mobiluncus spp.). The morphotypes were quantitated, weighed, and assigned a score of from 0 to 10 to describe the severity of the abnormal vaginal flora. Women with a score of 7 or more accompanied by a vaginal pH of greater than 4.5 were categorized as having bacterial vaginosis. Other criteria for bacterial vaginosis were not considered in the study design because of their presumed subjectivity.
Intrauterine growth was assessed by comparing the weights of the newborns with a previously published nomogram of sex-specific birth weights by gestational age (39) . This nomogram was derived from a large population-based birth registry in California. SGA babies (those whose birth weights were below the 10th percentile of that reference population) were categorized as growth retarded. Babies whose birth weights were above the 90th percentile were excluded from the analyses since their birth weights might have been associated with a different group of risk factors. The remaining infants had an appropriate weight for gestational age (AGA) and were considered to have had normal intrauterine growth.
Preliminary analyses were performed by using two by k cross tabulations for the calculation of risk ratios and chi-square statistics for homogeneity and trend (9) . Adjustments for confounding variables were done by using Mantel-Haenszel stratification (23) and unconditional logistic regression (5) . The 95% confidence intervals (95% CIs) for the point estimates of relative risk were obtained by the Cornfield method or were verified by the likelihood ratio tests. The criteria for including a variable in the adjustment procedures were based on the magnitude of the change in the risk ratio estimates. Potential confounders considered in the analyses included the mother's age, ethnicity, marital status, gravidity, smoking, alcohol intake, income, education, pregnancy-induced hypertension, and Quetelet index before pregnancy (weight [in kilograms]/height [in square centimeters]).
RESULTS
From November 1984 to March 1989, 13,914 women were enrolled in the Vaginal Infection and Prematurity Study. Five percent (n = 629) were lost to follow-up, and for another 5% (n = 657) information was not available to categorize fetal growth. Eight percent of the women gave birth to babies who were large for gestational age (n = 1,045), and they were excluded from further analyses. Of the remaining women, 11% had SGA newborns (n = 1,251) and the remaining had AGA babies (n = 10,332). Table 1 Quetelet index and pregnancy-induced hypertension. Figure 1 presents in ascending order the unadjusted relative risks of IUGR for various components of the genital flora as determined between 23 and 26 weeks of gestation. After adjustments for other risk factors, three species, M. hominis, U. urealyticum, and T. vaginalis, and the group Bacteroides, Prevotella, and Porphyromonas spp. were associated with a small increased risk of IUGR. We also adjusted the association between these genital species and IUGR using multiple logistic regression. When including in a model all four microbes simultaneously and further adjusting for the mother's smoking and ethnicity, the following odds ratios were obtained: 1.14 for Bacteroides, Prevotella, and Porphyromonas spp. (95% CI = 0.98 to 1.33), 1.09 for M. hominis (95% CI = 0.95 to 1.25), 1.18 for U. urealyticum (95% CI = 1.01 to 1.39), and 1.18 for T. vaginalis (95% CI = 1.00 to 1.40).
To understand the effects of multiple species on IUGR, we calculated for each woman the number of different species recovered among M. hominis, U. urealyticum, T. vaginalis, and Bacteroides, Prevotella, and Porphyromonas spp. Figure 2 shows the unadjusted risk ratios of IUGR for the number of isolates recovered. The reference category consists of women whose specimens were culture negative for all four microorganisms (n = 2,041). After controlling for the mother's age, smoking, and ethnicity, the odds ratio of IUGR for each increment of one isolate is 1.13 (95% CI = 1.07 to 1.20) by unconditional logistic regression. This trend is statistically significant (P < 0.001), with no departure from linearity (P > 0.6). The adjusted odds ratio of IUGR in women from whom all four isolates were Unadjusted relative risks (with 95% CIs) of IUGR for the number of the following microbes recovered in the genital flora of pregnant women in the second trimester: Bacteroides, Porphyromonas, and Prevotella spp., M. hominis, U. urealyticum, and T. vaginalis; n is the number of women for each level, and percent SGA is the proportion of these women delivering an SGA infant. The risk of SGA was determined by using women not infected with any of the four isolates as the reference group (n = 2,041). recovered (n = 308) in comparison with women whose specimens were negative for all four isolates on culture was 1.79 (95% CI = 1.27 to 2.52).
The Rohrer ponderal index (17), defined as the ratio of birth weight (in grams) to the cube of the length (in cubic centimeters) x 100, was calculated for each SGA baby. We then sorted the SGA babies into two groups: the nonproportionally growth-retarded group, defined as those below the 10th percentile of the distribution of ponderal indices, and the proportionally growth-retarded group. We then compared the association between selected isolates and IUGR for the two groups of SGA babies (Table 3) . Overall, there was no significant difference in the risk ratios between the proportionally or nonproportionally growth-retarded babies.
Small women tend to give birth to small babies (19) . Our results confirmed this by showing an inverse association between the mother's Quetelet index and SGA status (Table 1) . However, there was no relationship between the Quetelet index and genital flora, so that maternal stature and weight were not confounding the association with IUGR.
Estimation of the gestational age is the most inaccurate of the measurements used to define IUGR. We thus repeated the " SGA, N-P, SGA infants, nonproportional IUGR (<10th percentile of ponderal index).
b SGA, P, SGA infants, proportional IUGR (>10th percentile of ponderal index).
' Chi-square statistic comparing the frequency of exposure among the nonproportionally growth-retarded infant group to that in the proportionally growth-retarded analyses of the association between the genital flora and IUGR by restricting the analyses to newborns who had concordant gestational age (within 2 weeks) as determined by two methods, one relying on the date of the last menstrual period and the other relying on the Ballard score on the basis of a physical examination of the infant at birth. The associations between the microorganisms and IUGR remained in the restricted analyses (data not shown). Furthermore, the magnitude of the associations between genital microbes and IUGR among term babies (37 weeks of gestation or more) was similar to that among preterm babies (data not shown).
DISCUSSION
In the present study the traditional risk factors for IUGR, such as smoking, small stature, and hypertension during pregnancy, were consistently associated with SGA status. For example, the unadjusted relative risk of smoking was 1.6, which is in agreement with previous epidemiologic studies of IUGR (19) . Our results also showed modest but significant associations between specific microorganisms and SGA babies. The most striking finding is that when modeling the risk according to the number of isolates recovered among the four most significant microbes, Bacteroides, Prevotella, and Porphyromonas spp., M. hominis, U. urealyticum, and T. vaginalis, there was a strong and significant trend even after adjustment for other potential confounders. The risk of IUGR when these four microbes are present is almost twice the risk when all four microbes are not present. This could suggest that some of these microbes have an additive or synergistic impact on fetal growth. The independent contribution of each microorganism and their interaction were difficult to evaluate because of the small number of women infected with each possible combination of these various species. It is possible that smaller concentrations of anaerobes in the vaginal flora might also be associated with an increased risk of IUGR. Unfortunately, the study protocol stipulated that only women infected with higher concentrations of organisms (3+ or 4+ on the streak plate) should be reported as positive, which could underestimate the true association between Bacteroides, Prevotella, and Porphyromonas spp. and SGA status. Furthermore, it could be argued that women treated with ampicillin or triple sulfa drugs should not be excluded from the final estimate because of the low to moderate susceptibilities of vaginal anaerobic gram-negative species to these antibiotics. However, the small number of these women is such that the change in the relative risk estimate is minimal. Finally, because of the relatively low prevalence of pathogens such as N. gonorrhoeae and C. trachomatis, the study might have been underpowered to rule out a significant impact of these microorganisms on fetal growth.
There have been few other reports on the role of genital infections in IUGR, and our study represents one of the first attempts at specifically addressing this issue. Polk et al. (28) conducted their study of IUGR and preterm delivery in a mostly black, high-risk population. They reported a relative risk of 2.4 (90% CI = 1.32 to 4.18) in women infected with C. trachomatis and 1.9 (90% CI = 1.2 to 3.14) in women with a positive culture for C. albicans. They found no significant association between IUGR and infection with T. vaginalis, U. urealyticum, M. hominis, and Bacteroides fragilis. Those results are quite different from our findings. The differences cannot be explained by the racial distribution of the study populations, since we did not observe their reported association between C.
trachomatis infection and IUGR when restricting the analyses to black women. In our study there was a weak but consistent negative association between C. albicans infection and IUGR among the different ethnic groups. Other studies that reported on infection and IUGR were concerned primarily with outcomes such as low birth weight (regardless of gestational age) and prematurity. Braun et al. (4) found U. urealyticum infection to be associated with low birth weight for gestational age, but that observation was not verified in a more recent study (21) . Ross et al. (30) even reported higher birth weights for gestational age among Caucasian women colonized with genital mycoplasmas. The resolution of these inconsistent findings may be accomplished with future studies.
We categorized IUGR on the basis of a reference distribution of birth weight by gestational age. As others have pointed out, the weight at birth is not an ideal estimate of the rate of intrauterine growth (1, 2, 38) . However, the most widely available definitions of IUGR still rely on these criteria. Furthermore, follow-up studies that used this definition showed that SGA babies have an increased risk of adverse outcomes at birth and in the first 12 months of life (27, 36) . The standard but imperfect definition of IUGR that we applied may have wrongly classified small or AGA babies, resulting in an underestimate of the true association between genital flora and IUGR. This is true even when assuming perfect measurement of birth weight and gestational age, which is unlikely. A further problem with the categorization of intrauterine growth on the basis of birth weight is the assessment of the duration of gestation. An estimate of gestational age that relies on the date of the last menstrual period is notoriously imprecise, especially for low-birth-weight infants (20) . We examined the extent to which this estimation error may have influenced our findings in several ways. First, the measured associations were essentially unchanged when we restricted the analysis to newborns who had concordant gestational age as determined by the date of the mother's last menstrual period and by examination at birth (Ballard score). Second, our results did not suggest a weaker association between genital flora and IUGR among term babies, i.e., those for whom gestational age is presumably more accurate.
The observed association between genital flora and IUGR could be explained in several ways. One possibility is that the presence of multiple microbes reflects other incompletely measured or unmeasured risk factors, such as illicit drug use. These factors could in turn be associated with impaired fetal growth and could confound the association between infection and IUGR. Alternately, the association between genital flora and IUGR could be causal, as suggested for other conditions like preterm labor and chorioamnionitis. The ways by which these microorganisms could cause IUGR is a matter of speculation. It is unlikely that these common inhabitants of the genital flora directly infect the fetus, as is the case with the rare congenital infections with cytomegalovirus and rubella virus. More probably, they could produce a chronic, low-grade infection of the placenta, maternal decidua, or fetal membranes, impairing placental circulation. By analogy with the classical congenital infections which cause symmetrical IUGR (3), we expected to find a different association between the genital flora and SGA babies whether they were proportionally or nonproportionally growth retarded. Our results did not suggest such a differential effect, which could mean that the pathologic mechanism of IUGR is quite different from that of viral and parasitic congenital infections.
Our study is the first extensive exploration of the possible role of common genital microorganisms as causal agents of IUGR in a large and diverse population of pregnant women. The observed associations were small but significant and were consistent among all groups of women studied. Furthermore, there was evidence that some microorganisms may act syner-VOL. 32, 1994 on October 20, 2017 by guest http://jcm.asm.org/ gistically, as suggested by the strong inverse association between fetal growth and the number of different microbes in the genital flora. Finally, these associations persist even after controlling for other known risk factors for IUGR. Given the high prevalence of most of these microorganisms in pregnant women, the overall impact on fetal growth, as measured by the attributable risk in the population, could be substantial. Because of the known adverse prognosis for SGA infants, these results, if confirmed, might justify the consideration of antibiotic treatment trials in high-risk subgroups of pregnant women. The contribution of specific microorganisms, however, remains unclear and would need to be studied more extensively.
